Purpose Colonoscopy is reported to be a safe procedure that is routinely performed for the diagnosis and treatment of colorectal diseases. Splenic rupture is considered to be a rare complication with high mortality and morbidity that requires immediate diagnosis and management. Nonoperative management (NOM), surgical treatment (ST), and, more recently, proximal splenic artery embolization (PSAE) have been proposed as treatment options. The goal of this study was to assess whether PSAE is safe even in high-grade ruptures. Methods We report two rare cases of post colonoscopy splenic rupture. A systematic review of the literature from 2002 to 2010 (first reported case of PSAE) was performed and the three types of treatment compared. Results All patients reviewed (77 of 77) presented with intraperitoneal hemorrhage due to isolated splenic trauma.
Introduction
Colonoscopy is the investigation of choice for the diagnosis and treatment of colorectal tumors. An estimated 1.69 million screening colonoscopies are performed each year in the United States, [1] and [2,400 colonoscopies were performed in 2009 at our institution.
Although it is considered to be a safe procedure in experienced hands, the most frequent complications are intraluminal hemorrhage and colonic perforation (1-2 and 0.1-0.2 % incidence, respectively) [2] . The risk of complications increases if therapeutic procedures, such as polypectomy, are added [2, 3] . Although very rare, splenic rupture is known to be a serious complication with high morbidity and mortality rates. Its incidence, which is probably lower than that of perforation, is not known and is rarely reported: There have been \80 published cases in the literature worldwide since 2002. Even though presentation may be delayed, in most cases the patient presents within 24 h after the procedure and most require urgent management [2] . Rapid management, including fluid resuscitation, can prevent a fatal outcome. Successful treatment may also be obtained without surgery by a minimally invasive endovascular procedure that has been described for blunt splenic injury [4] . Because of the increase in the number of diagnostic and therapeutic colonoscopies, not only general practitioners, but also radiologists and emergency room specialists, will face increasing numbers of patients with this complication.
Thus, this review presents two consecutive cases of splenic rupture with active bleeding after colonoscopy who were both successfully treated with arterial embolization. A review of the literature describes the clinical circumstances, treatment modalities, and outcome of this rare condition. To our knowledge, this is the largest systematic review of the literature to date to describe this unusual complication and propose a treatment algorithm.
Material and Methods
Two cases of splenic bleeding after colonoscopy occurred at our institution and were treated with proximal splenic artery splenic embolization (PSAE). They were compared with similar cases in the literature. A PubMed search for English, French, German, and Italian articles was performed using the following key words: ''splenic,'' ''spleen,'' ''colonoscopy,'' ''rupture,'' ''trauma,'' ''embolization,'' and ''computed tomography (CT) scan.'' Referenced articles were also considered. Because the first case to be treated by PSAE was reported in 2002, only relevant reports published between 2002 and 2010 were considered in the search flow chart (Fig. 1 ).
Case No. 1 A 66 year-old man underwent colonoscopy to investigate recurrent episodes of rectal bleeding. His medical history included hypertension, diabetes, hypercholesterolemia, severe vascular disease with hemorrhagic cerebrovascular events, multiple peripheral arterial revascularizations with iliac artery replacement, and pancreaticojejunostomy for chronic pancreatitis. Ongoing antiplatelet therapy was stopped for the procedure. Coagulation tests 3 days before colonoscopy were normal, and the hemoglobin concentration was 138 g/l. The patient was sedated with 5 mg midazolam and 50 mg pethidine. The colonoscopy was performed by a trainee and lasted 50 min with no reported difficulties. Cecal and transverse polypectomies were performed, leaving a sessile rectal polyp in situ because of its large implantation base of 5 cm. Twelve hours after colonoscopy, the patient complained of sudden abdominal pain. On admission to the emergency room, his blood pressure was 84/55 mm Hg and heart rate 100 bpm. Physical examination showed signs of peritoneal irritation. Hemodynamic stabilization was obtained with rapid perfusion of 1,000 ml saline solution. The initial hemoglobin concentration was 86 g/l and the hematocrit 26 %, with normal blood coagulation tests. Abdominal CT scan showed hemoperitoneum in all four abdominal quadrants with grade IV splenic rupture based on the American Association for the Surgery of Trauma (AAST) classification [5] as well as active intraperitoneal bleeding ( Fig. 2A, B) . Active arterial splenic bleeding was not identified on selective angiography performed immediately after CT scan (Fig. 3A) . Nevertheless, PSAE was performed with the patient under local anesthesia by placing a series of coils in the median part of the splenic trunk. This resulted in proximal splenic artery occlusion and interrupted distal flow causing immediate significant hemodynamic improvement (Fig. 3B, C) .
The patient was monitored in the intensive care unit with ongoing fluid resuscitation. He received 2 U packed red cells (PRCs) and 2 U fresh frozen plasma (FFP). The clinical course was favorable, and the hemoglobin concentration remained stable. Follow-up CT scan showed regression of both subcapsular hematoma and free peritoneal fluid. Resection of the remaining tubulo-villous rectal adenoma by transanal endoscopic microsurgery was performed 11 days after embolization. However, the patient then developed a pneumococcal bacteremia, which was successfully treated with 10 days of antibiotherapy; he was finally discharged from the hospital 33 days after admission. Control CT scan performed 4 months after the procedure showed a well-vascularized spleen, and the platelet count was normal (256 9 10 9 thrombocytes/l).
Case No. 2
A 74-year-old woman was referred to our institution for a large cecal polyp that had been diagnosed in another hospital during a screening colonoscopy for constipation. Because of the size of the tumor, it could not be removed during the same procedure. Relevant medical history included beta blockers and acenocoumarol; the surgical history included hysterectomy and appendectomy. Acenocoumarol was replaced by therapeutic low molecular-weight heparin in preparation for a second colonoscopy. This procedure was performed without patient sedation by a senior gastroenterologist consultant. The procedure lasted 20 min. The cecal polyp could not be removed; however, rectal and transverse polypectomies were performed. One hour after discharge, the patient suddenly experienced progressive abdominal pain without rectal bleeding. The next day, she had syncope and was transferred to the hospital. Her blood pressure was 75/47 mm Hg on admission, and the heart rate was 75 bpm. The physical examination showed signs of generalized peritoneal irritation. The patient responded well to resuscitation with 1,000 ml saline solution and 500 ml colloids and recovered a systolic pressure of 110 mm Hg. The hemoglobin concentration was 54 g/l; the hematocrit was 16 %; and blood coagulation tests were normal. Erect chest radiography showed no air under the diaphragmatic cupula.
Abdominal CT scan showed hemoperitoneum in all four abdominal quadrants with an AAST grade IV splenic rupture [5] . PSAE was performed with coils with the patient under local anesthesia, and controlled the bleeding. The patient received 2 U PRC during the procedure. She was monitored in the intensive care unit and received an additional 4 U PRC and 2 U FFP. The patient remained stable throughout the rest of the hospital stay and did not require any additional transfusions. However, she developed pneumonia from an unknown bacteria 3 days after the procedure. Control CT scan performed 3 days after embolization showed a stable perisplenic hematoma and regression of hemoperitoneum.
The patient was finally discharged from the hospital 11 days after the procedure. Ten months after embolization, the platelet count was within the normal range (309 9 10 9 thrombocytes/l). 
Results
Seventy-five cases of splenic bleeding after colonoscopy have been reported in 51 publications . Available data on patient characteristics, management, and outcome-including sex; age; colonoscopy type and any difficulties; sedation; additional procedures, such as biopsy; previous surgery; medications that increase the risk of bleeding; time until the first symptoms; hemodynamic instability; number of unites of PRC transfused; intraabdominal adhesions; length of hospital stay; and outcome-were collected and are listed in Tables 1 and 2 . All of these factors were analyzed for the three different types of treatment.
Patient Data
The median age at colonoscopy was 65 years (range 29-85). The prevalence of iatrogenic splenic injury was higher in women than in men (56 of 77 vs. 21 of 77 patients). The six patients treated with PSAE were older than those treated with surgical treatment (ST) and nonoperative management (NOM) at a median age of 70.5 (range 60-81), 63.6 (range 38-82), and 60 (range 29-85) years respectively. Previous abdominal surgery was reported in 4 of 6 patients who underwent PSAE. In the ST group, 20 of 45 (44.4 %) patients had undergone previous abdominal surgery, but there were no data on previous surgery in 12 of 57 patients. Intraabdominal adhesions were identified in 10 of 13 patients in the ST group, whereas no data were reported in 44 of 57 patients. There were no data on intra-abdominal adhesions or previous surgery in 6 of 14 patients in the NOM group. Seven of the 8 remaining patients who received NOM had undergone previous abdominal surgery. A pathological spleen was only found in 1 of 77 cases. This was due to primary amyloidosis and surgery was performed; however, there were no data on its size [23] .
Colonoscopy
Diagnostic and screening colonoscopies were performed in 49 of 71 (69.0 %) and 22 of 71 (31.0 %) patients, respectively. Reports show that procedures were performed without any difficulty or external intraoperative manoeuvers in 35 of 51 patients (68.6 %). There was no data on sedation in most cases (60 of 77). Biopsy or polypectomy procedures were performed in 31 of 57 patients (54.4 %), whereas no data were reported in the remaining 20 of 77. Biopsy or polypectomy procedures were performed in several sites in the colon but predominantly in the rectum and descending colon (15 patients), the transverse colon (5 patients), and the ascending colon and cecum (10 patients). This information was only reported in 23 of 77 patients. 
Clinical Presentation at Hospital
Seventy-four patients presented with signs and symptoms of splenic rupture within a median of 12 h after the procedure (range 0-288). This information was not available for 3 of 77 patients. The onset of symptoms was delayed by several days in 9 of 74 cases. At admission, 47 of 69 patients (68.1 %) were found to be hemodynamically unstable. An emergency procedure (1 SAE and 10 ST) was required in 11 patients who became unstable after admission.
Number of Units of PRCs
The number of units of PRCs transfused did not depend on the type of treatment. Transfusions with a median of 4 U PRC (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] were reported in 26 of 30 patients, whereas this information was not provided for 47 of 77 patients. On arrival in the emergency room, the decrease in hemoglobin levels was 52 and 54 g/l, respectively, in 2 PSAE patients and a median of 52 g/l (range 18-85) in 13 ST patients but only a median of 20 g/l in 5 NOM patients (range 11-54). Moreover, embolization was effective in 3 PSAE patients who were taking anticoagulation or antiplatelet therapy with 1, 4, and 5 U PRC transfused, respectively.
Management
Percutaneous PSAE was performed in 6 of 77 patients (7.8 %). Laparotomy and splenectomy were performed in 57 of 77 cases (74 %). Conservative treatment (NOM), which included bed rest, transfusions, and pain control, was performed in 25 of 77 patients (32.5 %). It was successful in 14 of 25 patients (56 %), but rebleeding occurred in 11 of 25 patients (44 %). Surgery-including 8 splenectomies, 2 hemostatic meshes, and 1 PSAE-was performed in 10 cases due to hemodynamic instability or secondary rupture. Splenic lesions, except for blunt splenic trauma, were not routinely graded according to AAST classification, making determination of splenic lesions difficult [5] .
Outcome
Patients stayed in the hospital for a median of 10 days (range 3-12) in the PSAE group (5 of 6 patients), 9 days (range 3-22) in the ST group (29 of 57 patients), and 3 days (range 0-10) in the NOM group (11 of 14 patients). Pulmonary complications developed in 3 of 6 patients in the PSAE group. One patient died from respiratory insufficiency due worsening of chronic obstructive airway disease [9] . In the ST group, 13 of 57 (22.8 %) patients developed complications, mostly respiratory insufficiency and postoperative ileus. One patient with pulmonary silicosis developed postoperative respiratory insufficiency and died 16 days after splenectomy [30] . Another patient underwent 3 additional operations: one for postoperative bleeding, one for intestinal obstruction due to adhesions 1 month later, and finally a third laparotomy for intestinal perforation, after which the patient died [30] . Wound infections, myocardial infarcts, rebleeding, secondary infection of the splenic hematoma, and pancreatic duct injury were also reported as complications. No complications were observed in the 14 of 25 patients who were successfully treated with NOM.
Discussion
The two cases reported here had severe bleeding from splenic rupture after colonoscopy and were treated successfully by PSAE. Although very rare, post colonoscopy intraperitoneal hemorrhage is usually reported to be due to splenic injury. Other sources of hemoperitoneum after colonoscopy are Fig. 3 Splenic arteriography. A The splenic vessels are grossly displaced by the perisplenic hematoma (arrowheads). The diameter is also irregular with active vascular spasm (arrow), but no obvious active bleeding. B Embolization of the proximal splenic artery by coils (arrows) placed in the median part of the splenic trunk. C The blood flow in the distal splenic artery has been interrupted by embolization extremely unusual and include a torn mesenteric vessel, a ruptured appendix epiploica, and bleeding from a necrotic intestinal leiomyosarcoma [58] .
Hypothetic mechanisms of splenic injury are direct trauma by the endoscope when it is positioned in the splenic flexure or excessive traction on the splenocolic ligament when pushing the endoscope into the transverse colon. The result is avulsion of the splenic capsule and parenchymal disruption of various grades. Predisposing factors, such as previous intra-abdominal surgery causing adhesions, splenomegaly, medications increasing the risk of bleeding, difficult colonoscopy, and therapeutic colonoscopy, have been suggested [7, 36] . The present review confirms that previous surgery and the presence of adhesions are risk factors of splenic injury: Adhesions have been reported in 10 of 13 patients who underwent surgery, whereas 31 of 59 had undergone previous surgery. Diagnostic colonoscopies (49 of 71 patients), biopsies, or polypectomies (31 of 57) and female sex (56 of 77) were other identified risk factors. Conversely, splenomegaly (0 of 77 patients with 1 case of amyloidosis without splenomegaly [23] ), medications that increase the risk of bleeding (13 of 30 cases), and difficult colonoscopies (16 of 51 cases) were not identified as risk factors. Although recent data have suggested that inflammatory bowel disease, pancreatitis, rapid completion time, a history of chronic smoking, propofol sedation, and inadequate colon wash-out were associated with a greater risk of splenic rupture [36, 59] , there were no data on these issues in this review.
Splenic bleeding after colonoscopy is life-threatening. This review showed that 47 of 69 (68.1 %) patients presented with hemodynamic shock at diagnosis. Small splenic lesions might be misdiagnosed in patients with slight symptoms who do not consult a physician or in whom further investigations are not performed. Thus, the most severe cases of splenic rupture are seen in the hospital and require emergency management. Most patients described in this article presented with severe bleeding corresponding to high grades of splenic trauma (III to IV) according to the AAST classification [5] with 26 of 30 patients requiring transfusion.
Because this condition can be fatal, active management should be started with fluid resuscitation, followed-up by abdominal CT-scan for diagnosis, as long as the patient remains hemodynamically stable. A flow chart for management is shown in Fig. 4 .
Management of this isolated organ trauma should follow AAST recommendations for management of blunt splenic trauma. Thus, the protocol for investigating patients with severe acute abdominal pain after colonoscopy, especially if it is associated with hemodynamic shock, should be FAST (focused assessment with sonography for trauma) and contrast-enhanced abdominal CT scan, both of which are the standard diagnostic tools used in the setting of blunt abdominal trauma [5] . Sensitivity of FAST for intraabdominal fluid detection in hemodynamically unstable patients is considered to be between 63 and 96 % [60] .
A positive FAST is usually a sufficient indication for exploratory laparotomy. Abdominal CT scan is the imaging modality of choice in hemodynamically stable patients or in those with a positive response to fluid resuscitation. The sensitivity and specificity of CT scan for the detection of splenic injuries is as high as 98 % [60] . In the two reported cases, intra-abdominal hemorrhage secondary to splenic rupture was confirmed by contrast-enhanced CT scan. The injury should be radiologically graded in reference to the AAST classification for blunt splenic trauma [5] , and although there is no definite consensus, grades of up to III and IV should usually be treated with PSAE or ST, whereas grades I and II should be treated with NOM [61] . Recent publication suggest that PSAE could be more beneficial in patients with low-grade splenic injury [62] . Grade V injuries require ST. The use of NOM has increased in the past decade, and an estimated 85 % patients now undergo this treatment [63] . Nevertheless, in case of post colonoscopy trauma, NOM seems to fail more frequently than for blunt trauma with 11 of 25 patients (44 %) requiring a salvage procedure (PSAE or ST) compared with 16 of 159 of patients (10 %), respectively [64] . In addition, PSAE is increasingly performed in combination with NOM, thus decreasing the failure rate from 12-13 to 2-3 % [63, 65, 66] . PSAE appears to be safe and effective even in elderly patients with comorbidities and those taking medication that increase the risk of bleeding. The 2 cases reported in this review corresponded to grade IV injuries, suggesting that manipulation of the colonoscope on the splenic flexure may be as severe or worse than blunt external trauma. PSAE provided effective long-term haemostasis in both cases. Due to high failure rate of NOM in this specific condition, a more extensive use of PSAE, compared with usual recommendation in the general polytrauma population, can be proposed [61] . Obviously, risk factors, such as hemodynamic instability or not responding to fluid resuscitation, advanced age with the presence of severe associated diseases, or medications that increase the risk of bleeding, must be taken into consideration. Nevertheless considering the high failure rate of NOM alone, a conservative therapeutic approach combined with interventional radiology should be an alternative to surgery.
Interestingly, PSAE did not decrease the hospital stay compared with ST. Some surgeons may feel safer and more comfortable with performing a splenectomy than embolization due to a perceived risk of secondary rupture of the spleen. Death occurred in 3 of 77 patients (3.9 %) (2 in the ST group and 1 in the PSAE group). Considering that only isolated splenic traumas were included, this rate is significantly lower than that (8 %) after splenectomy for external blunt trauma [4] . Our two patients developed pneumonia during hospitalization. Although splenic function does not seem to be impaired after PSAE [4] , the blood culture of the first patient was positive for Streptococcus pneumoniae 10 days after the procedure. Platelet counts in both patients remained normal a few months after the procedure. PSAE is a well-tolerated technique that presents no major longterm influence on splenic function in patients with sufficient immunity against Haemophilus influenza B and pneumococcus. Although vaccination against these bacteria has been suggested, no consensus exists for cases of splenic artery embolization [4] .
To our knowledge, only four previous cases of endovascular treatment of splenic rupture after colonoscopy have been reported [6] [7] [8] [9] . Our analysis suggests that this complication is underestimated and underreported, with \80 cases having been reported worldwide between 2002 and 2010.
In conclusion, although colonoscopy performed by an experienced operator is a safe procedure, it is by no means harmless. Splenic rupture, such as bowel perforation and intraluminal bleeding, should be considered as a potential cause of abdominal pain in the presence of hemodynamic shock after colonoscopy. Because of the extended indications for colonoscopy, clinicians should be more aware of this complication. The identified risk factors are adhesions, female sex, diagnostic colonoscopy with biopsy, and medications that increase the risk of bleeding. Splenic lesions are high-grade, and conservative management is associated with a high failure rate. Thus, active management with a less invasive procedure, such as PSAE, should always be considered in a patient with splenic rupture after colonoscopy. PSAE for isolated splenic trauma is safe and effective and should be considered the method of choice in the above-mentioned specific situations according to the flow chart guidelines.
